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HUMAN FACTORS AND SAFETY ASSESSMENT, M1Al ABRAMS 120MM GUN TANK

INTRODUCTION

General

This report describes the Human Factors and Safety (HF&S) assessment
conducted in conjunction with the Follow-on Evaluation (FOE) of the MIAl tank.
The assessment was conducted at Fort Bliss, TX, from January through June 1987.
The FOE was conducted by the U.S. Army Operational Test and Evaluation Agency
(USAOTEA). THE HF&S assessment support for the FOE was provided to USAOTEA by
the U.S. Army Institute for the Behavioral and Social Sciences, Systems
Research Laboratory, Fort Hood Field Unit.

Purpose and Scope

The M1Al FOE uged an expanded sample data collection (SDC) methodology in
a combat-unit environment (M1Al Abrams Tank Follow On Evaluation, Test Design
Plan, USAOTEA, 1986). The FOE evaluated M1Al production models and addressed
the following questions:

One, can the M1Al tank main gun be calibrated by the average soldier
using procedures prescribed in the "MlAl Calibratiom Policy,
FC-17-12-1A1, Tank Combat Tables"?

Two, have the materiel deficiencies disclosed during the MIEl OT II
been corrected?

Three, can the MIEl tanks be supported with planned logistics
concepts?

Four, can the M1Al tank crews effectively use the on-board nuclear,
biological, and chemical (NBC) system?

The purpose of the HF&S assessment was to provide supporting data and
information to address the test issues. Much 1s already known about the M1Al
tank as a result of previous Ml and MlEi tests. Therefore, the HF&S assessment
priority was to support OTEA test issues, and to investigate HF&S areas where
additional data are needed. The test issues that the HF&S assessment addressed
included:

Calibration of the main gun. Can crews calibrate rapidly and
accurately? Are there deficiencies in printed instructions? Are
there problems caused by previous training and experience with other
armor systems?

Deficiencies found during previous testing. Table 1 shows the HF&S
findings from previous testing. The deficiencies were investigated
using a combination of structured interviews, checklists, and on-site
observations.

Compatibility of planned M1Al logistic concepts with other support
units. The procedures used and performance of soldiers conducting
resupply support tasks were assessed by observing ARTEP task
performances. Structured interviews concerning tasks and procedures
were conducted.




Table 1

Human Factors, Safety, and Health Hazards Findings as Reported in
Previous Ml Testing Results

Reported in: HFEA
Problem M1 OT III M1E1l OT II HEL

1. Lack of means for removing CO from
turret if main NBC system fails.
(Need outside air source for backup
system.) x X

2. Problem removing unfired round from
120mm due to loading ramp design. X X

3. Tracking problem, TC”“s .50 MG.
(Control too sensitive, hard to
coordinate.) x X

4, No provision for human waste elimination/
disposal during prolonged buttoned-up
operations. x X

5. 1Inadequate storage for personal gear. x x x
6. CVC helmet gives inadequate hearing

protection, particularly with main

NBC system ON. X

7. Variable effectiveness ¢f microclimate
cooling system. x x

8. No "autobahn seat” for commander for
long-term open hatch travel. x X

9. Need improved access to "semiready”

ammo rack. x p.d

10. Difficulty using sights with masks on. x X X

11. Gunner“s shoulder padding (on main gun
sight) too thin. X x X

12, Ammo case bases separate from i
handling (120mm). x X

13. Spontaneous firing of laser rangefinder. x X

14, Difficulty opening/closing hull stowage #
compartment doors. X
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Table 1, cont.

Reported in: HFEA

Problem Ml OT III M1El OT II HEL
15. Difficult understanding speech over

intercom. (Worse when NBC system ON.) x x
16. Slipping of manual breech opening

handle (manual operation). X
17. TC power handle location makes target

handoff to gunner slower than required

(needs to be raised). x x X
18. No bypass switch to override the auto-

matic engine (low oil pressure) shutdown. X x
19. Driver”s steering control adjustment pin

is difficult to use and unreliable

(vibrates loose). x X
20. Driver”s seat does not give adequate

back support. x X
21, Driver”s vision block wipers are

ineffective. x X
22. Driver“s side vision blocks cause

distortion. x x x
23. Driver”s night vision viewer is marginal. X x X
24. Driver”s workspace is too small for

most drivers. X x
25. Turret must be traversed to fill front

fuel tanks. x X
26. Inadequate brow pad on GPS. x
27. Difficulty loading TC”s .50 MG. x x
28. Difficulty positioning and aiming

loader”s MG. X
29. Crew did not know location of NBC

air valve; could be blocked, causing

shutdown of system. X
Note. Raw data upon which this table was based were not available for the

writing of this report.




Effective use of on-board NBC system. Structured interviews and
on-site observations of crews performing tasks in MOPP uniforms under
simulated NBC environments were conducted. Moreover, the effect of
MOPP uniforms on crew calibration of the main gun and logistics
support tasks were assessed during actual task performance.

Background

M1A1 tanks were supplied to the 3rd Squadron, 3rd Armored cavalry Regiment
(ACR). The squadron operated and maintained 41 of the tanks during the FOE.
The USAOTEA FOE data collection effort used sample data collection (SDC)
methodology during squadron new equipment training (NET), tactical gunnery
training, and the Army training and Evaluation Programs (ARTEPs). ARTEP
tactical exercises, conducted over a six-month period, were planned to ensure
that the exercise scenarios developed data for the test issues.

DESCRIPTION

The M1A1 Abrams tank resembles its predecessor, the M1, in most respects,
The changes made in the A1 version were essentially:

Substitution of a 120mm main gun for the 105 mm used previously. (New
gun is the same design used in the West German Leopard II.) This gun
uses combustible-case ammunition, and required a new weapon mount and
a redesigned fire control system,

Improved armor protection,

Improved suspension system, transmission and final drive.

The M1A1 tank evaluated in the FOE evolved from the M1 tank. The M1A1
Abram's upgrades include several modifications needed to defeat threat main
battle tanks and other threat forces into the late 1980s and early 1990s.
Figures 1, 2, and 3 show the modified features of the high performance M1A1
tank and include:

The 120mm, U.S. made smoothbore cannon using combustible cased
ammunition that is compatible with that used by other NATO forces,

A refitted turret integrating a new main gun mount,

A revised fire control computer,

A redesigned suspension, gun turret drive, and transmission,
Improved armor,

A weight reduction derived from improved armor quality control
techniques.

pra.
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Figure 1. Improved M1Al tank external features.
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Abrams tank follow-on evaluation test design plan (TDP~0T-623A). Falls Church,
VA, December 1986.
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METHODOLOGY

General

FOE Test Design. The basic follow-on evaluation (FOE) was intended as an
" evaluation of the M1A1 as a component of a combined arms system within the
receiving unit. Consequently, the OTEA test directorate decided that there
would be no test artifices designed or conducted during the evaluation period,
The impact of this decision, which was made prior to the involvement of the HF
staff in the preparation of FOE plans (December 1986), was to preclude the
conduct of instrumented side tests. The HF staff requested permission to
schedule and conduct instrumented a side tests to obtain performance data
concerning the Rearm-Refuel-Resupply issues, but permission was not granted.

Sample data collection (SDC) was performed by a contractor under USAOTEA
supervision, Data were collected during New Equipment Training (NET) in "M"
company beginning in January 1987; demographic data were collected for all
units at the same time. The majority of demographic data collection was
completed by the end of February 1987. 1Initial observation of NET was

completed by 15 February 1987; however, nuclear, biological, chemical (NBC) NET

was conducted into June due primarily to changes in NBC operating instructions

which were made by the Armor School representatives on several occasions during

the FOE. Post-ARTEP crew debriefing data collection was conducted 20-24 April
1987; an additional post-ARTEP crew session was to have been conducted in May,
However, lack of funds forced cancellation of the ARTEP and field exercise,

Consequently, this iteration of debriefing was cancelled. Final data
collection, consisting of structured interviews of test directorate personnel,

contractor sample data collectors, 3rd Cavalry squadron command and staff
personnel, plus the administration of end-of-test questionnaires to crews, was
accomplished 23-29 June 1987.

The HF&S assessment obtained objective and subjective information to
fulfill the data requirements listed in Table 2.

Table 2

M1A1 HF&S Data Collection Matrix.

Collection Information Writing

OTEA Title Method Source Responsibility

2.1.4.5 Crew ability to follow calibration 1,qQ,0 c,L,S,T Shared
procedures S,G

2.1.4,.6 Crew opinions on calibration and 1,Q,G c,L,S Total
hitting performance

2.1.4.17 Record/report all safety related 1,Q,0 c,L,S Total
incidents D,S,G T,M

8
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Tabel 2, cont,
Collection Information Writing
OTEA Title Method Source  Responsibility
2.2.6.14 Adequacy of technical manuals 1,Q,0 c,L,T Total
D,S,G M
2.2.6.21 Effects of terrain/environment I,0 C,L,M Shared
of recovery operations D,S S
2.2.6,22 Observed difficulties in I,0,D C,L,M Total
recovery operations S,G S
2.2.6.23 Opinions, adequacy of M88A1 for 1,Q,D c,L,M Total
recovery/towing M1A1 S
2.2.6.26 Observed road types/conditions 1,0,D C,L,M Shared
for transporter S,G S
2.2.6.29 Problems with HET operations 1,0,Q C,L,M Shared
S,G S
2.2.6.30 Adequacy of maintenance 1,Q,0 c,L,M Total
organization D,S,G S
2.2.6.31 Overall maintenance problems 1,0,Q c,L,M Total
D,S,G S
2.2.6.32 Adequacy, quantity, type useful- 1,0 c,L,M Shared
ness of support test equipment D,S T,S
(opinion)
2.2,6.34 Availability of support equipment 1,Q,0 C,M Shared
(causes of nonavailability) S S
2.2.6.36 STE/M1 fault isolation 1,0,8 L,M Shared
a/b success/failure/causes S S
2.2,6,37 Observed difficulty with 1,0,8 C,L,M Shared
equipment s,T
2.2.6,38 Opinions, adequacy of test set 1,qQ,S L,M Shared
operations, tech manuals, G s,T
tool sets
2.2.6.42 Type, number of vehicles 1,0,8 c,L,M Shared
required G s,T,U
2.2.6.45 Adequacy of resources to rearm, 1,qQ,0 c,L,S,T Shared
refuel/resupply in the field S,G U




Table 2,

cont.

OTEA

Title

Collection Information Writing
Method Source Responsibility

2.2.6.“6

2.2.6.47

2.2.6,48

2.2.6.49

2.2.6.50

2.2.6.51

2.2.6-52

2.2.6,56

2.2.6‘57

2.2.6,58

2n3ou.1

2.3.4.2

2.3.4.3

2.3.4.4

See 2,2.6.42 (adequacy, type/
number of supply vehicles)

Observed adequacy, type/number
of supply personnel

Observed adequacy of operators on
hand to operate/maintain supply
vehicles

Observed problems chambering
120mm round due to moisture

Observed damage to 120mm
round from handling

Observed casing defects prior
to loading 120mm

Observed 120mm unpacking/
repacking problems

Problems correcting equipment
failures

Observed new pattern failures

Record and report all safety
related incidents

Observed adequacy of instructions
(TM, FC, etc.) permitting the

crew to operate the on-board
NBC system effectively

Observed adequacy of instructions
for readability, executability,

and understanding

Observed availability of
instructions for each tank crew
and company/troop/squadron
staff element

Observed ability of crew to put
the instructions to use in an
NBC environment

10

IOOOS L,M,S Total
G T,U

O.S'G L,M's TOtal
Q’S.G C'L’S Total
o,S,G S,T Total
1,qQ,S c,S,U Shared
I,S L,V Shared
G

I1,0,D C,M Shared
1,0,S C,L,M Shared
G S,T

See 2,1.4.17

I1,qQ,0 c,L,S Shared
S,G T

0 T Total

Q,0 c,L,S Total

S,G

I,0 L,s,T Shared
s,G

N A




Table 2, cont.
Collection Information Writing
OTEA Title Method Source  Responsibility
2.3.4.5 Observed ability of the crew to 1,0 L,s,T Shared
use the NBC system properly S,G
during a no-notice NBC attack
without referring to instructions
2.3.4.6 Observed ability of the crew to I,0 L,s Total
properly use the backup NBC system S,G
2.3.4.7 Adequacy of instructions to state 1,Q,0 c,L,S Shared
conditions in which NBC system is S,G T
to be used
2.3.4.8 Observed ability of the crew to 1,0 L,S Shared
properly use the system during S,G
NBC tactical operations
(firing, open hatch, closed
hatch, silent watch, road march)
2.3.4 Record/report any NBC system 1,qQ,0 c,L,S Total
(added) related safety incident S,G M,U,T
2.3.4a See paras 2,1.4.6; 2.2.6.14;
(1),(2) 2.2.6.30 thru 2.2,6,38; and
(3) 2.3.4.1 thru 2.3.4.9, above
Note 1. "OTEA DR" means OTEA Data Requirement.
Note 2. "Collection Method" identifies which of six collection methodologies

was employed. The meaning of the six code letters is as follows:

o
non

wn
[TI LI |}

Note 3.
meanings

(=3 o N7l o
n oy wp NN

= structured interview by HF staff.

questionnaire administered by HF staff.

observation of field operations and examination of documentation by HF
staff.

debriefing of crew upon mission or task completion (post-ARTEP).
sample Data Collectors observation,

general narrative comment form,

"Information Source" refers to six coded socurces of information, whose
are as follows:

tank crew performance.

Unit leaders (Cmds, PLT ldrs, etc.)

sample data collectors.

Test directorate staff personnel.

Maintenance personnel.

Unit supply personnel,

1
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Note 4. “Writing Responsibility.” "Total” means that the contractor HF&S
staff did all of the writing regarding a Data Requirement. When both OTEA and

contractor staff contributed to the writing, the term “"shared” appears.

. Test Participants

The 3rd Squadron, 3rd ACR, fielded 41 M1Al tanks and crews. A total of
164 crewman participated in the test. Data were obtained from personnel in the
following MOSs.

a. 19K-19Z (tank crew)
b. 41C, 45E/K/G, 63A/E/G/H, 421A (wmaintainers),
c. 76Y-76Z, 761A (supply personnel).

In addition to the above persomnel, other groups that were asked to provide
information included:

a. Test Directorate personnel, including sample data collectors,
b. Squadron personnel,

c. "M" Company personnel,

d. "I" Troop personnel (crews, unit leaders, and maintainers),
e. “K” Troop personnel (crews, unit leaders, and maintainers),

f. "L" Troop personnel (crews, unit leaders, and maintainers).

HF&S Team Assignments

Four different Essex contractor personnel played a role in performing the
contract task to do a Human Factors and Safety assessment of the M1Al during
OTEA"s Follow-on Evaluation of that system.

Management. Management functions were performed by Mr. Larry Avery from
the Alexandria, VA. office of Essex.

Team Leader. The role of Team Leader was filled by Mr. Lawrence Lyons
(LTC, USAR), Essex Senior Scientist from Essex”s Fort Hood Facility. He
performed most of the effort.

Support. Mr. William L. Warnick, Staff Scientist, assisted in the area of
training assessment methodology. Dr. Albert Kubala, Senior Staff Scientist,

assisted with the conduct of structured interviews. Both were from the Essex
Fort Hood Facility.

Procedures and Materials

Permission to conduct side-tests to obtain performance data on refueling,
rearming and resupply of the M1Al was not granted. The procedures used to
perform the assessment of the M1Al FOE are described as a series of tasks in
Figure 4. Appendix A contains worksheets listing the subtasks required to
perform the assessment methodology. Figure 5 shows timelines for the
completion of the HF&S tasks for the FOE test. Figure 6 shows specific
milestones for the data collection effort. The major portion of the assessment
was to support the OTEA FOE data requirements.
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Structured Interviews

General. A major portion of the HF&S assessment was conducted using
structured interviews. Interview forms are shown in Appendix C. The
structured interviews were revised after the first site visit. The major
change consisted of the addition of a gection concerning simplified test
equipment to the Maintainer interview.

Interviews. The structured interviews were designed to be used for
obtaining data from players, test directorate and supply personnel. The
structured interviews were developed as requested by USAOTEA using a Yes/No
checklist format with space to record comments for each interview item.
Separate interviews were conducted for.each crew position, key support unit
personnel, and maintainers. In some cases, a single interview item may have
covered many conditions (e.g., daylight, darkness, rain, fatigues and MOPP

uniforms). Each condition which affects behavior 1s represented in the
analysis.

Technical manual, job performance aid, and documentation assessment.
These documents were assessed using methods described in Table 3.

Crewmen, maintainers, support and key personnel. Structured interviews
were the primary means of collecting data from crewmen, maintainers, logistics
support and key personnel. Crewmen and maintainers were interviewed concerning
previously identified deficiencies. Maintainers provided information
concerning pattern failures, line replaceable unit (LRU) failures not meeting
LRU remove and replace criteria, and parts resupply problems. Logistics
support personnel and MlAl crewmen were interviewed concerning M1Al resupply,
supply packaging, supply handling, and loading of the tank. Key personnel were
interviewed concerning their observations of M1Al operations and
maintainability.

Comment and Opinion Data Automation

A five field code taxonomy was used to identify comments received during
the test. There is a field for MANPRINT primary category, MANPRINT secondary
category, M1Al equipment component, FOE test design plan issue/subissue, and
critical task(s). The number of categories identified were: MANPRINT, 13;
M1Al component, 22; issue/subissue, 10; and critical task, 5. This code allows
for sorting and is listed in Appendix B. All coded data were automated for
storage and retrieval in format suitable for report writing purposes. (See
Appendix C for HF&S data base descriptions.)

Demographic Data Collection

Extensive demographic data were collected during the M1Al FOE. The 4
demographic data collection form is shown in Appendix A, Correlational
analyses of individual task performance and demographic data were intended, but ﬂ
were not possible due to the non—-acquisition of performance data.
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Table 3

Potential Areas of Technical Manual Assessment, JPA, and Documentation

Potential Items

Evaluation Methods

Issue 1: Firepower

Evaluation of Field Circular 17-12-1Al
“M1Al Calibration Policy and Procedures”

Live-fire accuracy screening test or
proofing to confirm calibration

JPA assessment

Issue 2: Logistic Supportability

Evaluation of critical maintenance
task performance

Evaluation of critical tasks performed
during vehicle recovery operations

Evaluation of performance of maintenance
and recovery tasks (to include special tools,
test equipment, and technical manuals

Evaluation of physical environment for
maintenance and recovery operations

Evaluation of TMs, JPAs, other
documentation

Subissue 2: Special Supovort
and Test Equipment

Evaluation of tasks performed in the use of
special support and test equipment (STE/M1)

Evaluation of equipment used to support the

maintenance and operation of the MIAl in an
operational environment

17

Observation, interview,
performance measures

Review of results of
screening and gunnery

Observation, documentation
review, questionnaire

Observation, interview,
data base, performance
measures

Observation, interview,
data base, performance
measures

Observation, interview,
data base

Observation, interview

Interview, questionnaire,
documentation, review

Observation, interview

Observation, interview




Table 3, cont.

Potential Items

Evaluation Methods

Subissue 3: Conduct of Resupply of
Class III, V, & IX During Field Operations

Evaluation of transportation, handling
perservation and packing of class III, V
& IX supplies

Evaluation of tasks involved in
resupplying for the M1Al tank

Issue 3: NBC Doctrine and Techniques

Evaluation of crew tasks and procedures while
operating in an NBC environment

Evaluation of the correctness, completeness,
understandability, and useability of printed
instructions

Isgsue ~ Miscellaneous

Technical manuals and related instructional

materials will be evaluated on the following
factors:

a. Determining reading grade level
b. Evaluate ease of use, ability to
find information, format, accuracy

Additional DR coverage
a. ARTEP task deficiencies

b. Individual & collective deficiencies
c. Performance deficiencies

Observation, interview

Observation during ARTEP
interview

Observation, interveiw,

performance measures
(OTEA SDC Data)

Observation, interview
performance measures
(OTEA SDC Data)

Computer analysis
Interview

Interview
Interview
Interview

Note.

"Performance measures” methodology referred to above consists of

selection, analysis, and correlation of pertinent data obtained in accordance
with the OTEA Test Design Plan by the test directorate sample data collectors.
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Constraints

The methodology section of the original MANPRINT assessment plan discusses
the procedures and materials to be used for the study. However, the
methodology was impacted by several constraints that shaped the extent of the
* assegsment procedures. The constraints include:

a. The initial MANPRINT planning was based upon obtainable documents.
Plans and procedures were modified on the basis of initial visits to

the test site and instructions from the Test Director.

b. The minimum-interference nature of the USAOTEA SDC methodology has
several advantages for unblased FOE operation of the squadron.
However, the methodology did leave some variables uncontrolled.

c¢. Performance measure instrumented side~tests were not conducted.

The constraints are partially compensated for by the duration of the
six-month FOE. The six-month duration of the test permitted the HF&S
researchers to develop a workable methodology and to collect considerable data,
albeit not of a performance measure nature. The process is also facilitated by
the knowledge and experience the HF&S researchers gained from the M1El test.

RESULTS

Data collected in accordance with the schedule and procedures described
above were available for analysis on 29 June 1987. Inputs were prepared,
reviewed, and submitted to USAQOTEA for inclusion in the FOE final report.
Results of the limited MANPRINT (warranting the more restricted term "“Human
Factors and Safety"”) assessment efforts were presented to the final meeting of
the Data Analysis Group on 8 July 1987.

In conformance with USAOTEA“s instructions, comment and opinion narratives
were extracted from the structured interviews for use in specific tables in the
main body of the OTEA FOE final report. These extracts are collected into
Appendix D of this report. OTEA also requested a stand-alone appendix of the

(limited) MANPRINT data for attachment to their final report. This material is
included in this report as Appendix E.

Tabulations of the comments made by operators, maintainers, and other key
participants are presented in appendices D and E.

DISCUSSION AND PRIMARY CONCLUSIONS

An analysis of the data presented in Appendices D and E resulted in the
following primary conclusions:

The TOE is Inadequate. It does not provide enough maintenance personnel.
More experienced turret mechanics are needed. See page D-1.

There is a Maintenance Doctrine Problem. PLL is inadequate. A vehicle is
needed to carry Palletized Load List (PLL), and a wheeled vehicle mechanic. All
maintenance personnel stated that they did not have metric tool sets. See
pages D-2 and -3.
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